We are presenting clinical characteristics, management and follow-up of five consecutive patients with renal artery aneurysm. Renal artery aneurysms are relatively uncommon, they rarely give rise to clinical manifestations and they are usually found incidentally. However with the introduction of Doppler ultrasound, computed tomography (CT) and magnetic resonance (MR) imaging, the diagnosis of renal artery aneurysms became more frequent. In recent years, a wide range of therapeutic options has been reported, including surgical resection, transcatheter arterial embolization and stent-graft deployment. [1] [2] [3] [4] [5] [6] [7] Case 1: A 40-year-old female was admitted with a history of blurred vision, severe headaches and severe hypertension. Fundoscopy demonstrated bilateral papilloedema, haemorrhages and hard exudates. On examination, urinary proteinuria was noted (Table 1) . Colour duplex Doppler sonography suggested a right renal artery aneurysm. Computed tomography revealed 8 mm right renal artery aneurysm. The patient was put on indapamide 1.5 mg day À1 , amlodipine 5 mg day À1 , lisinopril 20 mg day À1 and atenolol 50 mg day À1 and better control of blood pressure (BP) was achieved (Table 1) . Successful embolization was performed with a one detachable platinum coil (30 cm in length, 10 mm in coiled diameter; Target, Boston, MA, USA). Control CT documented successful embolization. In 15-month follow-up, BP remained well controlled on two antihypertensive drugs and creatinine concentration was within normal limits (Table 1) .
Case 2: A 57-year-old hypertensive female patient was admitted because of occasional headaches, giddiness, breathlessness and poorly controlled hypertension. The laboratory results were normal (Table 1) . Abdominal colour Doppler ultrasound and CT showed fibromuscular dysplasia of the right renal artery consisting of multiple stenoses and 2 cm saccular aneurysm in the left renal hilum. The trunk of the left renal artery was normal. At abdominal aortography, fibromuscular dysplasia of the right renal artery and 2 cm saccular aneurysm of the left one were depicted. Since the aneurysm was involving the renal artery at the origin of the segmental vessels, it was not suitable for endovascular repair. A decision was made to perform angioplasty of the right renal artery. In the 10 months follow-up, the BP was well controlled (Table 1 ) and antihypertensive therapy was modified and continued with two drugs. Long-term successful effect of angioplasty was observed in control duplex Doppler examinations.
Case 3: A 34-year-old woman was admitted with headaches and severe arterial hypertension. Three years before she presented to her general practitioner for a medical examination after blunt abdominal trauma. She was then found to be hypertensive. Routine laboratory values were normal (Table 1) . Colour Doppler sonography suggested left renal artery aneurysm; CT confirmed a presence of 10 Â 14 mm renal artery aneurysm located in renal hilum. On the basis of the angiographic findings, we favoured embolization using three embolization coils (Nester 14 Â 140 mm, McRay 15 mm diameter and Tornado 10/7 mm, Cook Medical, Bloomington, IL, USA). Control CT documented successful embolization. Colour Doppler ultrasound showed wide patency of the renal artery, normal renal perfusion and aneurysmal exclusion. In 12-month follow-up, BP remained well ontrolled on two antihypertensive drugs, no change in creatinine concentration was observed.
Case 4: A 41-year-old normotensive woman was admitted for the diagnosis of hypoechogenic structure in the right kidney found incidentally in ultrasonography. During hospitalization the patient's laboratory studies demonstrated normal results (Table 1) . Doppler duplex showed 5 cm large aneurysmatic arteriovenous fistula in the medial part of right kidney. Computed tomography examination proved a presence of a small 10 mm arterial aneurysm in the trunk of renal artery and large aneurysmatic arteriovenous fistula in the right kidney. Angiography confirmed the presence of both findings (Supplementary Figure 1A) . First, the arteriovenous fistula was embolized (Cook Nester and Tornado; oversized-10 mm of diameter) (Supplementary Figure 1B ). Then embolization of the renal artery aneurysm (Cook, Tornado 7/3 mm) through the renal stent (Genesis 6/14 mm, Cordis, Waterloo, Belgium) was performed (Supplementary Figure 1C) . After 6 months, her BP and renal function were normal (Table 1) .
Case 5: A 58-year-old hypertensive male patient (known duration: 10 years) was admitted to perform non-emergent coronary angiography. Routine laboratory values were normal (Table 1) . During hospitalization, colour duplex Doppler sonography and CT were performed revealing presence of left renal hilum aneurysm (2 cm of diameter) and fibromuscular dysplasia of the right renal artery with no flow obstruction (Supplementary Figure 1D) . Embolization (14-10 mm diameter; Nester, Cook) with a renal stent protection (Genesis 6/24 mm; Cordis) was performed. After embolization duplex ultrasonography revealed regular perfusion of the renal parenchyma. Control CT documented successful embolization. (Supplementary Figure 1E) . In 10-month follow-up, BP remained well controlled on three antihypertensive drugs, no change in creatinine concentration was noted.
Renal artery aneurysms are vascular lesions that have been described with increasing frequency. Although our understanding of these aneurysms has improved, controversy persists regarding their clinical importance and indications for treatment. 1, [3] [4] [5] The clinical manifestation of renal aneurysms include hypertension, haematuria, flank pain and spontaneous rupture. Hypertension is the most common finding in patients with renal artery aneurysms and in some reports was present in almost 90% of cases studied. 1, 3, 4, 8 The natural history of renal artery aneurysm is in general benign. Rupture is the most serious complication and has been mostly reported during pregnancy. 1, 3, 4, 9, 10 Most renal aneurysms are detected incidentally. A useful diagnostic tool is ultrasound with colour Doppler imaging and contrast-enhanced CT or magnetic resonance imaging. 3, 4, 11 In our report, five consecutive patients (four females and one male) diagnosed as having renal artery aneurysm has been included into the analysis. Renal artery aneurysms have been detected by Doppler duplex and confirmed in all cases by high-resolution spiral CT angiography (Table 1 ). In four of the five patients, hypertension was presentmalignant in one case, severe in one patient and mild to moderate in two cases. Since clinical manifestation of renal aneurysms include hypertension, in our studied group elevated BP may be both caused by and causative of renal artery aneurysm. In the presented cases, it is difficult to establish the exact aetiology of hypertension and the coexistence of essential hypertension may not be ruled out.
It has been reported that in most patients with renal artery aneurysms hypertension can be cured or improved with aneurysm repair. However, this phenomenon is difficult to explain. [3] [4] [5] 7, 9, 12 In our series, successful embolization was performed in four cases. In the follow-up (mean 11 months), complete exclusion of the lesions in all cases was confirmed in Doppler duplex and spiral CT. In all cases, satisfying long-term renal artery patency results and a successful aneurysm exclusion were seen in post-interventional period and at follow-up suggesting long-term validity. In three patients with renal aneurysm, hypertension improved with aneurysm repair. It has been shown that all hypertensive patients after embolization of renal artery aneurysm were characterized by well-controlled hypertension as documented by clinical BP and ambulatory BP measurements. However, the improvement in the BP control in the long-term post-intervention period may also result from more tight antihypertensive treatment as compared with time prior to the intervention. We conclude that coil embolization was an effective management of our patients with renal aneurysms accompanied by moderate to severe and malignant hypertension. It has been also shown that Doppler duplex examination was a useful method for detecting and follow-up of renal aneurysms.
